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-IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



First-Named Inventor: Guido Frederiks 


Docket No.: 


US030356US2 


Application No.: 10/572,884 Conf.: 3000 


Art Unit: 




Date Filed: 03/20/2006 Customer No. 65913 


Examiner: 


To be determined 



Title: METHOD AND APPARATUS FOR MASTER/SLAVE DIRECT MEMORY 
ACCESS HARDWARE AND SOFTWARE CONTROL 

Commissioner for Patents 
P.O. Box 1450 
Arlington, VA 22313-1450 

PETITION TO FILE APPLICATION WITH AN INVENTOR THAT CANNOT 
BE REACHED UNDER 37 CFR 1,47. 

Sir: 

In response to the Notice of Missing Requirements mailed on 06/25/2008. These 
efforts begun on August 7, 2008 were not successful. Attached is a Declaration 
presenting the facts of our effort. 

Applicants believe that a sufficient effort has been made in attempting to obtain 
signature of the non-signing inventors. Therefore acceptance of present application with a 
non-signing inventor under 35 CFR 1.47(a) is earnestly requested. 

Please charge any fees other than the issue fee and credit any overpayments to 
Deposit Account 50-4019. 
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Declaration of Facts Regarding Inventor's Unavailability begins on page 3. 



Respectfully submitted, 



Date: 18-DEC-2008 By: I Aaron M Waxier/ 

Aaron Waxier No. 48,027 
(914) 860-4296 

Correspondence Address: 

Intellectual Property & 

Licensing 

NXP, B.V. 

1 1 09 McKay Drive; M/S-4 1 S J 
San Jose, CA 95131 USA 



CUSTOMER NO. 65913 
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DECLARATION OF FACTS REGARDING INVENTOR'S UNAVAILABILITY 

I VilimainaNaga declare that: 

I am Aaron Waxier' s IP Assistant responsible for preparing the Oath and Declaration for 
the above referenced patent application. 

The present application is being prosecuted by NXP, B.V. previously, Philips Intellectual 
Property & Standards was managing this case as a part of the Koninklijke Philips 
Electronic, N.V. (KPENV). The NXP organization was spun-ofiffrom KPENV on 
October 1, 2006 as an independent entity. 

Mr. Guido Frederiks is no longer employed by Koninklijke Philips Electronics, N.V. 
(KPENV) or NXP, B.V. 

1) As described in Exhibit 1, August 7, 2008 I sent via FedEx Priority Overnight Service 
on behalf of Anthony Correa IP Assistant who is no longer with NXP the Oath and 
Declaration, and Assignment, Cover Letter, and a copy of the application having tracking 
number 790065589643, at 1623B Greenwood Ln, Monte Sereno, CA 95030 to his last 
known address that we have in our database. 

2) As described in Exhibit 2, on August 8, 2008 FedEx delivered the package, and it was 
returned because no one by the name of Guido Frederiks resides at 1623B Greenwood 
Ln, Monte Sereno, CA 95030. 



Appl. No. 10/572,884 Docket No. US030356US2 



I hereby declare that all statements made herein of my own knowledge are true and that 
all statements made on information and belief are believed to be true; and further that 
these statements were made with the knowledge that willful false statements and the like 
so made are punishable by fine or imprisonment, or both under Section 1001 of Title 18 
of the United States Code and that such willful false statements may jeopardize the 
validity of the application or any patent issued thereon. 

Respectfully submitted, 

A^ilimaina Naga/ 

Vilimaina Naga 
(408) 474-9067 



From: Origin 10: RHVA (408)474-9067 
vilimaina Na^d 
NXP Semiconductors 
1109 McKay D(iw»h«S-41Sj 

San Jose., CA ^131 



Fedisx 




Ship Date: 07AUC508 
AcaWgt: 1 18 

Syslen^:1 24494 1/INeT8061 
Accour#:S 



SHIP TO: 4084749060 

Guide Frederiks 



BILL5HKD£R 



16230B GREENWOOD LN 

MONTE SERENO, CA 950303053 




Dellvefy Address Bar Code 



Ref # US030356US. US040131US 

Invoiced 

D€pt# 9081 



7900 6558 9643 



WA SJCA 



FRI - 08AUG A2 
PRIORITY OVERNIGHT 
RES 

95030 

CA-US 
SJC 



After printing this lal)el; 

1 . Use the 'Print" button on this page ip print your lat»l to 

2 Fold the Drinted page along the horizontal lifie. / ^ . ■ . .1 ■ ' ■ ' j „^ 

t pKtel ii^pi^t^a p^ ^flix it ^ your shipment so that the twfcode portion of the label ran t?e read and scanned. 

Warning Use only lful^f)rtnlelbriginli label for ship^^ Using a photocopy of ttiis label fbf shipping purposes is fraudulent and «juld 
lesuinn additional billii^ chaiges. along with the oancea^^ 

LifiP ot this arstemconstiiutas your aoreemenl to the sereice condiltona in the current FedEx Seortce Guide, ovailat)ie on (sdekxorn FedEx w.ii not b« 
^^D^n^bte to'1nyS"nTx«S of S100 per package, whelher the result of toss, damage, delay. non^elivefy.inisdel!very.or memfom^tto.^ untes. 

fhfbtaf^l^a da7analditton^^ your actual loss and Hie a timely cl8ini.LirnMtion6found:.r! me:cuiT^m FeOfcx heiwe 

VSS^ ^^i^^S^t^^^b^S^^^ including intrinsic v^alueof the package. loss of sales, income.interest. profit attorney s tew. 
^ S^^^^^Zt^^^^^^^'^-^'^^^^^^'^- Of st^' i« greater of $100 or the authorized dedarod value. 

^;^^m^^^^«^^^^^mm fdr ttIL of extraordinary valueiMSPO. e.^iev?e!ry. 
\^^^^m^^^\ti<i»ir^^^^<^- Wrttten daiins must be filed »Hthin stHct.time iw«ts,:$ee <»irren« FedEx Senr.ce GuKie. 



https://v\Avw.fedexxom/shipping/html/en/PrintIFrame.html 
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IP Department US/SyUS©|HlU^^ 

Senl'by: ' 

Anthony C<irre ' -: 'Sik'f '.^/i'^^ilv:;;-^ 

Filing Date: 03/20/2006 
Dear Sir: 

Relative toithe nriainterianbe of this application here in the United States and with patent offices 
around th^Sworld, certaW^^ require your signature and date: I attached [these documonts \o\ 

a patent application filed on 2bMAR08, I also attached a copy of the final version of the patent 
application in PDF format. Please review all of these documents at your earliest convenience. 
Please verify these d0e me immediately if any error is found. 

You will need to print and execute the file titled "Oath" and '^Assign" using size A4 paper (certain 
patent offices require correspondence.on this specific paper size). Be sure to execute each page 
with your sipnature and do not print double sided. Please.do not sign and date on any 

other place other thSB whire you have been asked to sign and dale; Please return the executed 
documents to me at your earliest convenience (see belpw for return lnstructions) :lf you dp not have 
access to A4 paper, please still print and execute the documents and return them to me at your 
earliest convenience. 

Returning the executed documents: 

u Outside of San Jose: 

. Please use the Courier Address listed below and send the sigrfed and dated documents to m / 
attention using Federal Express (bill to account nunriber 100488647) . ' ■: : 

In San Jose: 

Please return the signed and dated documents to me using Interoffice mail at Mail Stop 41 . 

Also please send me a copy of the executed documents electronically via email or fax. 

Please note: the attachment is an Adobe Acrobat file. Please do not sign and date these 
documents •'e/ec/y-o/7/cs/// as this ! Your 
actual signature and date is required. 

Could you please send me the documents electronically via email befbre ilO AUG 2008« and than 
the hard copies in the mail at your eariiest convenience. 



Regards, 



To GUID0.FREDERIKS@PHILIPS.COM 

CC :.. - ■■• • 

bcc 

Subiect ^R^^^'''* Signatures Required For USPTO Invention 

^ Submission :. i 



Anthony Correa 
IP Assistant 



IP Assistant 

NXP Intellectual Property & Licensin 

Visitor^s Address: 1 130 Rihgwood Court, San Jose.CA 95131 USA 
MaiHng Address: 1109 MeK^^^ . " : 

Courier Address: 1 140 Rihgwood Court MS41. San Jose. CA 9513 
Phone: +1 408 474 3000; Fax: +1 408 474 9082 
E-Mail: ip.department.us@nxp.com 

Intranet: pww.ips.nxp.com 
Internet: wwwJps.nxpxonfi 

The information contained in this message is confidential and may be legally privileged. The message is 
intended solely for the addressee{s). If you are not the intended recipient, you are hereby notified that any 
use. dissemination, or reproduction is strictly prohibited and may be unlawful. If you are not the intended 
recipient, please contact the sender by return e-mail and destroy all copies Lofetheioriginal message. 



fDc^ketNo. US030356 us: 

SOLE ASSIGNMENT 

For good and valuable consideration, receipt of which is hereby acknowledged, I , as a 
below-named Assignor, hereby sell, assign, and transfer the entire arid exclusive right, tiiie, 
and interest in the following to.NXP B.V,, having a place of business at High Tech Campus 
60, NL-5656 AG, Eindhoven, NL, its successors, assigns, and legal representatives, including 
any noniinees (coUectiyd^ 

(1) r^^^^^ "METHOD AND APPARATUS FOR 
MASTER/SLAYE DIRECT MEMORY ACCESS HARDWARE AND SOFTWARE 
COlNfTROE" for which an UiS provisional patent application was filed in the United States 
Patentahda rade^ having a Serial Number 60/505^069. 

(2) the foregoing application and all other United States, foreign and internaiionn! 
patent applicatibnsaissbciate^^ 

including^ but not limited to, any and all provisional's, non-pro visional' s, divisions, 
continuations, continuations-in-part, re-examinations, reissues, and extensions thereof, and 

^ :C priority thereto, and the entire and; exclusive right, title, and 

intebsl in and to any 

I -authorize.and request that the Patent Office officials in the United Slates and in any 
and all foreign countries to issue any and all Letters Patent when granted, solely to NXP 
B.V-, for its sole use, and that of its successors, assigns, and legal representatives, 

I m\\ provide my cooperation to enable the Assignee to enjoy the foregoing right, 
title, and interest to the fullest extent. Upon request at the expense of the Assignee, 1 agree lo 
execute all papers, take.all rightful oaths, testify in all legal proceedings including patcni 
proseeutional actions and infringement actions, and do all other such acts which may be 
necessary, desirable, or convenient for securing and maintaining patents.on the foregoinji 
invcntionor for per fee ting -title thereto in the Assignee. 

Lcertify that I have the full right to convey the above - ^ . 



Pat? : - • . Guidp FREDERIKS 



Assignor 



Doc Code: OATH 



PTO/SB.'0{(0'»0 

Approved for use through 06/30/2010 0MB 1 . ^Oc 
U.S. Patent an<J Trademarii Office: U.S. DEPARTMENT OF COi.'f n:RCi 
Under the Paoewohc Reduction Ad of 1B05. no bersona are required to resoond to a ooHection of information unless H contatns a valid OMB conit^ i Mimbc: 



DECI-ARATION FOR UTILITY OR 
DESIGN 
PATENT APPLICATION 
(37CFR1.63) 



□ 



Declaration 
Subnnitted 
With initial 
FHIfig 



OR 



Declaration 
Submitted after Initial 
Filing (surcharge 
(37GFR 1.16(f)) 
required) 



Attorney Docket 
Number 



First Named Inventor 



US03 0356 US2 



FREDERIKS. GUIDO 



COMPLETE IF KNOWN 



Application Number 



Filing Date 



Art Unit 



Examiner Name 



10/572,884 



03/20/2006 



7 



I hereby declare ttiat: (1) Each Inventor's residence, mailing address, and citizenship are as stated below next lo their n.tjine 
and (2) I believe the ihventor(s),narned below to l>e the original and first inventor(s) of the subject matter which is dain^-c J and 
for which a.patent is sought oh theJnvention entitled: ^ -■ , . . 



METHOD. AND APPARATUSiFOR.MASTER/SLAVE DIRECT MEMORY AeOESS HARDWARE AND 
SOFTWARE CONTROL 



the application of which 
□ is attached hereto 
OR 



(Title of the Invention) 



0 



was filed on ffm/UDDl^^ 



09/22/2004 



Applicatlort f^umber | 



PeT«B2004/0618i)a/; 



and was amended on (MMflDD/YVYY) 



as United States Apriicatioii Number or PCT Internntiona^ 

(if appii*; \b\p) 



I hereby slate that rfiave iw^^^ the contents of the aboveJdentified applicatipn, including the claims. i\s 

amended by any amendment speoficaHy refenred to ab^ 

I acknowledge the duty to disclose information which is material to patentability as defined in 37 CFR 1.56. incluclincj fc 
continuation-in-part applications, material information which became available between the filing idale of the prior appJiCHittor* 
and the national or PCT international filing date of the continuation-in-part application. 

Authorization To Pemnlt Access To Application by Participating Offices 

n If checked, the :undersighed hereby grants the USPTO authority to provide the European Patent Office (EPO). the Japa ^ 
Patent Offio^ (JPG); and any other int property offices in which a foreign application claiming priority to the abnvc- 

identified application is filed access to the above-identified patent application. See 37 GFR 1;14(c).and (h). This box ihouU: 
not be ched<:ed if the applicant does the EPO. JPO, or other intellectual property pffice in which a foreicin app-lwation 

claming priority to tiie above-Identified application Is filed to have access to the application; 

In accordance with 37 CFR 1i14(h)(3). access will be provided to a copy of the application-as^filed with respect to; 1) thr 
above-identified application. 2) any foreign application to v/h\ch the above-identified application claims priority under 35 USC 
1 19{aHd) if 3 copy of the foreign application that satisfies the certified copy i^quirement of 37 CFR 1,55 has bec-n filer! in thr 
above-identified US application, arid 3)*any U.S. application from which l>enefrt is sought in the above-Identified appliciJt'cn 

In accordance with 37 CFR 1.14(c), access may be provided to information concerning; t^he date, of, fi^ the Authori7t'HJon u, 
Pennil Access tp Application by Participating Offices, 



(Paget of 3] ;- 

This collection i^ infofmation is required S5 U.S.C. 115 and 37 CFR 1.63. The information is required to obtain or retain a benefit by the pub'j*; ^^'t1i. ) ■ ; to u-> 
(and by the USPTO to process) an application. Conffdentiaiity is governed by 35 as.C. 122 and 37 CFR l .n.and 1-14. This coiiecUon is esU i^aier^ u -ik : * 
minutes to complete, including gatiierlng. preparing, and submitting the completed application torn to the USPTO. Time will vary depending uron tiv. i ir/ du ^ 
case Any comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief ii^''}Hr!3Jic'" 
Officer. U.S. Patent and Trademarlc Office. U.S. Department of Commerce. P.O. Box 1450. Alexandria. VA 22313-1450. DO NOT SEND FEES OR COWP".J-.T£'i 
FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria. VA 2231 3-U50. 

// you need assistance in compieting the form, cau i-eoo-PTO-gi 99 and $e/ecf optfon 2. . 



Approved for use through 06/30/2010. 0M8 o-M 003r 
U.S. Patent and Trademartt Office: U.S. DEPARTMEra OF COMI TRC' 
Under the Paperwork Reduction Act of 1995. no persons are required to respwid to a coflectlon of information unless it contains a valid OMi^ zotMn-i r.Hr,:>ci 

f . - . . : ■ . ^ 

: DECLARATION - Utility or Design Patent Application ; 



Claim of Foreign Priority Benefits 

I hereby claim foreign priority benefits under 35 U.S.C. 119{a)-(d) or (0. or 365(b) of any foreign application(s) for pafeni. 
inventor's or plant breeder's rights certificate(s). or 365(a) of any POT international application which designalec? at lormi on- 
country otherthan the United States of America, listed below and have also Identified below, by checking the b05<. any foreign 
application for patent^ inventor's or plant breeder's rights cenificate(s), or any POT international application having a fiiiiKj daK> 
before that of the application on which priority is claimed. 



Prior Foreign Application 
NMmber(§l — 


Country 


Foreign Filing Date 
(MM/PD/YYYY) 


Priority ^ 


Certified Copy Attj :hcd" 
YES NO 








Q 

1 


□ r;i 

□ a 

□ □ 

□ □ 
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pro/SB'O' (On.o- 

Approved for use UirouQh 06O0/2010 OMB 0! ^ t on: , 
U.S. Patent ami Trademartt Office: U.S, DEPARTMENT OF cCMMrRCi 
Under me Paoerwork Reduction Act of 199S: no oersons are feouired to re spond to a coltectton of Infor mation unless it contaif>8 a valid OMR oontrf^i inunbc 

DECLARATION » Utility or Design Patent Application 1 



Direct ail 

correspondehce to: 



Name 



0 



The address 
associated with 
Custofner Numljer: 




OR 



□ 



Correspondence 
address b^alow 



City • • • ■.: 


State". 


ZIP 


Country 


Telephone 


iEmail 



Address 



WARNING: 

PetKioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may contrbuie 
identity theft. Personal information such as social security numbers, bank account numberSi or credit card numbers (other than a chuck c 
credit card authorization fonn Pf 0-^038 submitted for payment purposes) is never required by the .USPTO to support a petition or a; 
application. If this type of personal infonnation is included in documents submitted to the USPTO, petitioners/applicants should c<-ni;idc 
redacting such persdnal information from the documents before submitting thenri tojthe USPT& -f^etfl advised that iUn rccoi* 

of a patent application is available to the public after publication of the application (iiriiess a mon^ublfcatio^ request in compiianco w\h 3/ 
CFR 1.2i3(a) is made in the application) or issuance of a patent Furthenrnore. the record from application may 5iso b'; 

available to the public if the application is referenced in a published application or an issued patent (see 37 CFR 1.14)> Chocks mvj crec», 
card authorization forms PT6-2b38 siibmltled 'for payment purposes are hot retained in the application file ar^d therefore ?rfe not f iiUiciv 
available, Petitioner/appHcaht is adw^ documents which fomi the record of a. patent application (such as the PTO/5B/01) a c C'ince< 
Into the Pnvac^ Ad systern of rebdrds DEPARTMENT OF COMMERCE, COMMERGE-RAT^t:: System name: Patent Applicat.on nie:i 
Oocumente not retained in an application file (such as the PTO-2038) are placed into the Privacy Act system of COMMERCE/PAr-TM-ir*. 
System name: Deposit Accounts and Slectronh Funds Transfer Proves. 

I hereby declpre that all statements made herein of my ovi^n knowledge are true and that all statements made on inforniatioi i 
and belief are beiieyed to be true; and further that these statements were made with the Knowledge thai wiiiuii false 
statements and the like so made are punishable by fine or Imprisonment, or both, under 18 U.S.C. 1CK)1 and that such wtllfu^ 
false statements may jeopardize the validity of the application or any patent issued thereon. 



NAME OF S01.E OR RRSt INVENTpR: 



□ a petition has been filed for this unsigned inventor 



Given Name (first and middle [if ariy])i; . , 
GUIDO 



Family Name or Surname 
FREDERiKS 



Inventor's Signature 



Date 



Residence: City . 


State 


Country 


Citizenship 


MONTE SERENO 


,eA; ■ ■ 


US . . 


NL 



Mailing Address 

162308 GREENWOOD LANE 



City 


State 


Zip : : ■ 


Country 




MONTE SERENO 


CA 


95030 


US 





Additional Inventors or a legal representative are beirm named on the , 



_supplementai sheet(s) PTO/SB/02A or 02tR attached heretc 
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Privacy Act statement 

The Privacy Act of 1974 (P.L 93-579) requires that you be given certain infonr^atiori W 

with your submission bftheia^^ forni related to a patent application or patent. Accordingly. 

pursuant to the requirements of the Act, please be advised that: (1) the general authority for the 

collection of this in^nT)atiori is^5 U.S.C^^ 2(b)(2); (2) furnishing of the infomiatipn solicited is voluntary; 

and (3) O^e principal purpose for is used by the U;S. , Patent; jan 

Office is to proceiss anci/or exami^^ your submission related to a ppteritappjicatibn oripatent. If you do 

not furnish the requested Information, the U S. Patent and Trademiark (D^ce'may not be able to 

process and/or examine your submission, which may result in termination of proceedings or 

abandonment of the appiicat^^ 

tr^pHfom form will be subject to the following routine uses: 

i 1. . The information on this form will be treated confidentially to the Sxtent^alip^ 

Freedom of Information. Act (5 U.S.C. 552) and the Priyacy ActX6;U;s-p 552^ from 
■ this system of f^cbrdii m^ be disclosed to the Departmeht of Justi<>B to determine whether 

. ; disclosure of these records is required by the Freedom of Informattpn Act. 
2, A record from this system of records may be disclosed, as a routine use » in the course of 
presenting evidence to a court, magistrate, or administrative tribuhafrlnduding disclosures to 
(Opposing counsel h 

: : 3. A record in this systerh=^^ may be disclosed, as a routine use; to a Member of 

/ Congress submitting a request involving an individual, to yitiom t^^^^ Ihe 
individual has requested Assistance from the Member with respiect to tHeisutiji^ matter of the 
record. • 

VA, A record In this system of records may be disclosed, as a routine use, to a contractor of the 

r Agency having need for the infonnation in order to perform a contract, l^^ecipients of 
' Infbrmation'shaliilb^ required to comply with the requirements of the Privacy Act of 1974, as 
amended, pursuant to 5 U.S.C. 552a(m). 
•^^^•l^w;§.;i.-A record reia0 tp: fn Ihtem^ti^ filed undejnthe PatjB^ in 

iirf^^^^ be disclosed, as a routine use: to the International Bureau of the 

:L? • World lntellectual;Srbpert^ pursuant to the Patent Cooperation Treaty. 

P'S^, A recoilxi ihithiis sj^stem of records may be disclosed, as a routine use, to anotber^deral 
agency for pur jjoses of National Security review (36 U;S;C/181) ^nd for review 

> mMx^ o.s:c; 218(c)). 

: . ■ :7. A record frpm!iiis system of records may be disclosed, as a rouVnej us^,ito the Administrator, 
f^M^d- ^ G^nersil Se^ his/her designee, during ahiinspectfon of reoc^ 

part pf that agfincyfs responsibility to recommend improvements Jri r5ecpr|ls^i^ 
practices and firogSn^^ of 44 U . C . 296<4 arid 2906 . Such disclosure shall 

be made in accordance with the GSA regulations governiing insped^^^ this 
? i: ■ purpose, and any other relevant (/.e., GSA or Commerce): directive; Such disclosure shall not 
be used to^make determinations about individuals, 
i 8.; A (Bcord fr%m this; of records may be disclosed/ as a routing after 

:i: I either publication of the application pursuant to 35 U.S.C. :122(b^iprJjs^ijShc^^ 

pursuant to 35 U.S C. 151 . Further, a record may be disclosed, subject to theiimiiations of 37 
;.: . - CFR 1 .14. as a routine use. to the public if the record was filed in an application which 
became abandoned or in which the proceedings were terminated and vvhich application is 
i;; .. referenced by: eft^^ application, an application open to public inspection or an 

iissued patent. ^^^^^ : 

9, A record from this system of records may be disclosed, as a routine use, to afederal. State, 
pr iotal law enforcement agency, if the USPTO becomes aware of a violation or potential 



(12) INTEW^JATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATipN TREATY (PCI ) 



(19) World InteDectual Property 
Organizalfoii 
International Bureau 

(43) IntemHtional Publication Date 
131 March 2005 (31.03.2C!()S) 




(10) Internationa] Publication Number 

PCT wo 2005/029341 Al 



(51) I nternatiohaJ Patent CiasslfScation'': 
(21) Intemadonat Application; Number: 



G06F 13/14 



PCn7!B2004/05l819 

(22) [nteniational Filing Date: 

22;Scplcmber 2004 (22-09.30{W) 

(25) Filing I^guage: } Hnglish 

(26) Publkatlon English 
(30) Priority Data: 

: 60/505.069 23 September 2003 (23.09.2003) US 

(71) Xppilcaht (/br aU dAsigruum Slates excapt VS)vKO^W' 
fCLlIKE PHILIPS EliXTRONICS, N.V. [NiyNLJ; 
; Gipcncwoudscwcg i; NL-562UBA §indJioven (NL); 

(71) Applicant </fcr A/s:^^ PHILIPS CORPORAv 
TION fUSAJvSl; 1251; Avehuc of the Americas, New York, 
New York 1{K)20 (US). 

(72) Inventor; and 

(75) Invejjtor/Applicarit (yS art/yj: FRKDERIKS Guldo 



INIAJSJ; Gnoencwoudijcwcg l,.NL.562l 
(NL). 



BA !*iiulhovcn 



(74) Common Representative: KONINKLUKK PHILIPS 
ELECTRONICS, N.V,; c/o LliSTI:R. Shanmni. 11 ()9 
McKay Drive, M/S'S j4l ; San Jose, California 95 13 M 706 
(US). 

(81) Designated States (unless oihemfise indicaied, for ttvety 
kind of national prvteciion available): AIL AG, Al AM. 
AT. AU. AZ, BA, BB. BG, BR, BW, BY, B/. CA, CM. CN. 

CO, CR. cu, cz;.Dn; dk, dm; dz, ec, hi:, kg, i:s, i i. 

OB, GD, GIv; oh. GM, HR, HU, ID, IL, IN, IS. JP. Kit, 
KG, Kif>, KR, K2, IjC, LK, LR, IJS, LT, LU. IX MA. MD. 
MG. MK. MN, MW, MX, MZ, NA, NI. NO. NX, C)M. I'G. 
PH, PL, FT, RO, RU, SC, SD, SE. SO, SK, SI.. SY, I J. I M. 
TN, TR, TT.rZ, UA. UG, US^IJZ, VC, VN. YU, /A. /M, 
ZW. 

(84) Designated Stuies (ujdess otherwise indicuiexL for fx^^ry 
kind of regioruil proievtion available): AKIIO (BW. <il 1. 
GM,.Ka LS, MW, MZ, NA, SIX SL, S/» rZ, DCi. /M. 
ZW), Eurasian (AM, AZ. BY, KG, KZ, MIX RU. LK TM). 
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(57) Abstract: Systems and methods according to the present invention describe a robust DMA architecture includinj: rcgisicrs ihin 
Hcxibly support higher level hard ware/sbflware servicing needs during a DMA transfer. Among other things, such rc^^isicrs include 
mailbox legistcrs and scratch pad registers which provide DMA architectures and methods according to the prescni invention w jih 
the capability ip provide: muliipl channels and overflow data transfer capabilities; that permit disparate hardware/so l iwiirc 

applications to reuse iheise DMA architectures with changes in their progiamming rather than changes in their anrhiieciurc. Kound 
robin DMA ^sfcrs using altemadng memory locations arc also described. 
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METHODS AND APPARATUSES FOR MASTER/SLAVE DIRECT MEMORY 
ACCESS HARDWARE AND SOFTWARE CONTROL 

TTie present invention relates generally to direct memory access (DMA) and, more 
particularly, to DMA hardware/software control techniques and structures that provide 
.optimized data throughput 

Technologies associated with the communication of information have evolved 
5 rapidly over the last several decades. One of these communication technologies involves 
the transfer of data between memory devices. For example, the memory systems of various 
computer processing systems typically include a primary memory device and 6n^ 
larger, less expensive secondary memory devices. This permits large quantities of 
information to be stored in secondary memory for loadiiig into the pirmiaiy mc^ device 
10 when needed. Similar data tmnsfers occur between memory devices; in interconnected 
processing systems, which transfers are sometitnes referred to as ^as^^ 
trans^rs, and which, are carr^ out over an interconnect device, e.gi a 4ata hui. For 
I example, the processor of a cellular telephone (master) may need to tra^^^ data to and 
from subsystem processors, e.g., an antenna subsystem (slave). ~ 
15 One technique for perfonnmg such data transfers is fa^^ 

(DM4). DMA Infers to a capability provided by some computer proi:essmg architectures 
: that a&ws datoto ftorn one memory device to . anothw inemory device 

; yyithout inyplVing the main processor(s), thereby speeding up overall jMrocessing speeds. 
: i^^ a specified portion of memory is designated as an area to be used for DMA 
20 transfers. One problem with master-slave DMA data transfers pccurs||yhen a large number 
of date blocks ne^ to be tran^^ between the master and slave deyic««^ 
arises; conventional DMA data transfer techniques are challenged tp perform; spch transfers 
efficiently and typicaily confront vairious latency issues. Om example of siich a latency 
issue rs shown,in tbe t^^^ of Figure 1. TTierein, a ^rst DMA data block is transferred 
25 from a master device to a slave device during the period DMA I arid- a sec of the 

r data W the master and slave devices durH]g^e^ 2. 

Notejdtot lietween tinfe periods DMA 1 and DMA 2 there is a delaylpc^iod d?|ioted tl in 
Figure 1. During Ais time, various handshaking activities occur between the master and 
slave devices. For example, at the end of DMA 1 ^ the master device will signal a DMA 
30 contipller Micatiiig that it has transferred ft^ The DMA 

controller will then i«set register(s) used in the DMA data transfer process, e,g., an address 
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register. After the handshaking is completed, the second DMA transfer (DMA2) can 
commence. This convesntional DMA technique suffers from, among;other things, an 
inefficiency .in DMA transfer time due to the delay period tV. " 

One partial solution to this problem involves using two memory portions for DMA 
5 transactions an example of which is described in U.S. Patent No. 6,341318, the disclosure 
of Avhich is incorporated here by reference. Therein, with reference to Figures 2(a) and 
2(b), in iteration 0, memory bank A is loaded (LDO) with a first portion of data fix)m a data 
; block. In iteration 1, a next portion of data is loaded (LDl ) into, memory bank B while the 
; previously loaded portion in memory bank A is processed (PO) and then stored (STO). Tn 
10 ; ' iteration 2, memory bank A is again loaded (LD2) with a tfiird portion of data from a data 
block while the previously loaded portion in memory bank B is processed (PI) and then 
stored (STl). The loading and processing/stormg operations continue switching between 
, each raemoiy bank until all of the data block is loaded, processed, and stored. This 
technique may reduce latency associated with tliis type of DMA data transfer-since the 
15 processing of portions of oversized DMA data blocks can be performed in parallel. 

However, Ihi^ t^^ in the *318 patent does not address the afore-described 

problem of handling a large number of DMA transfers between masteriandislaye devices. 
Urid€TsUch;i^ memory locations may be insufficient to 

eliminate, latency associated with setting up each transfer. Moreover, the *3 1 8 patent 
20 provides relatively little control or status functionality in its register architecture. For 

example, no mechanisms are described for servicing higher level software protocols during 
the DMA transaction. As such, the DMA transaction architecture described in the *3 1 8 
patent dpes-iiot provide a DMA architecture that is sufficiently flexible to be reused without 
} Lmodific«tidns t^e^^ applicattons hayif^ d^ 

25 level servicitig' needs, ... " ^:-y;;:f.:'. 

Accordingly, it would be desirable to provide more flexible techniques and devices 
for DMA data taic^ avoid the problems of <5onventio||a| 

Systems and methods according to the present inyefntipriiadd]^ and others 

by proyiding a mbi^^^ architecture including registers that flexibly support higher 
30 level hardware/soift^ servicing needs during a DMA transfer, Ainong other thiiigs, such 
registers include mailbox registers and scratch pad registers which pipyide^^ 
architectures; andi met^^ according to the present inyentibh witfa||le^c^pab^i^^^ provide 
:f multiple inteiTURLc^ overflow data transfer capabilities 
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hardware/software applications to reuse these DMA architectures with changes in their 
programming rather than changes in their architecture. 

According to one exemplary embodiment of the present myention, a direct memory 
access (DMA) system for transferring information between a master device and a slave 
5 device comprises a first plurality of DMA channels for transferring information from the 
master device to the slave device; a second plurality of DMA chaime ls; for transferring 
information from the slave device to the master device;ia first set of control reigisters which 
^coordinate use of the first plumlity of DMA channels to transfer information from the 
master device to the slave device; and a second set of control registers which coordinate use 
10 of the second plurality of DMA channels to transfer information-from the slave device to 
the master device, wherein both the first set of control registers and the second set of control 
registens include at least one mailbox register for selectiyely providing an interrupt signal to 
; a respective one: of the: master device and the slave device,,in response to data written to the 
. at least one mailbox register by the other of tihe master device andt^e slave device, during 
15 the DMA tranisaction. 

According to another exemplary embodiment of the present invention, a method for 
direct memory access (DMA) information transfer between a master device and a slave 
device comprises the steps of: storing a first data portion received during a DMA 
^transaction using.a first DMA channel; storing a second data portion received during Uie 
20 DMA transaction using a second DMA channel; and selectively providing an interrupt 
signal to one of the master device and the slave device, by writing data in at least one 
■ ^mailbox register by the other of the master device and the slave device, during: DMA 
transaction. 

The accompanying drawings illustrate exemplary embodiments of the present 
25 iiivention,whereinr^^^^ 

FIG. 1 depicts, a timeline illustrating a DMA data tnmsfer according to one 
^ conventional technique using a single memory area d^ignated for DI^ transfers; 
: : FIGS, 2(a) and 2^^ illustrate a conventional DMA data trai^fer using 
.'"areasi". ' " . 

30 FIG. 3 depicts a block diagram of a master-slave DMA architecture according to an 

exemplary embodiment of the present mvention; 

FIG. 4 shows an enlarged view of fte slave portion of the E>IilA architecture of 
FIG. 3 including exemplary register groups; 
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' FIG. 5 is a table providing an overview of various registers i which can be included in 
DMA architectures according to exemplary embodiments of the present invention; 

FIGS. 6(a)-6(l) illustrate exemplary individual register structures according to 
; exemplary embodiments of the present invention; 
5 FIG. 7 is a flowcharC illustrating an exemplary method for transferring data from a 

master device to a slave device from the master's perspective according to an exemplary 
ennbodiment of the present invention; 

FIG. 8 is a flowchart illustrating an exemplary method for transferring data from a 
■ master device to a slave device from the slave's perspective according to an exemplary 
10 enrxbodiment of the present invention; 

FIG. 9 is a flowchart illustrating an exemplary method for transferring data from a 
slave device to a master device from the slave's perspective according to an exemplary 
ennbodiment of the present invention; and 

FIG; 10 is a flowchart illustrating an exemplary method for transferring data from a 
1 5 slave device to, a master device from the master's perspective according to an exemplary 
: eiribodimeiU :Of the^p^ 

The followiiig 4etailed description of the invention refersto^the^accomp^ying 
drawings. The same reference numbers in different drawings identify, the same, or similar 
elements. Also, the following detailed description does not limit the invention. Instead, tlie 
20 scope of the invention is defined by the appended claims. 

In order to provide some context for this discussion, an exemplary master-slave 
system in which techniques and devices according to exemplary ernbodiments of the present 
invention can be implemented is depicted in the block diagram of Figure 3., -Therein, the 
master device 30 includes a processor 32, memory device 34 and master DMA controller 36 
25 (taaster DMA contrpller 36 may be logically viewed as part of the hardware connect layer 
: 38); Similarly, the slave device 40 includes its own processior 42, memory device 44 and 
slave DMA controller 46 (slave DMA controller 46 may also be; logically viewed as part of 
the hardware connect layer 38), The hardware connect layer 38 can be implemented as, for 
example, any suitable data bus that can convey the depicted functionality, e.g;, a master to 
30 slaLve interrupt signal, a master to slave DMA data transfer signal, a slave to master interrupt 
signal and a slave to master DMA data transfer signal Devices 34 and.44, are not limited to 
implementation as memory devices per se and can, alternatively, beiany otheftdcvices. 
which use data transferred via a bus from another device. 
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Figure 4 illustrates the slave DMA controller 46 in more detail and, in particular, 
shows a general grouping of various registers which can be used in accordance with 
exemplary embodiments of the present invention to coordinate DMA data transfers. A first 
(optional) group 48 of registers includes hardware connection layer 38 specific registers 
5 " used by the master device 30 to control slave DMA and/or slave iiiterrupt generation 

activity. For example, if an SDIO bus is used as hardware connect layer 38, the first group 
of registers 48 may include a register which indicates whether one bit mode or four bit 
mode is being used. Other examples mclude setting hardware specific registers to indicate 
whether DMA data transfers are occurring in full duplex mode or haif duplex mode and/or 
10 the operating frequency. Typically, the hardware specific registers 48 (if any) will be only 
programmed during an initialization phase. A second group of registers 50 include master 
to slave mailbox and scratch registers which are used by the master device 30 to transfer 
^ software specific information to the slave device 40. As mentioned earlier, mailbox and 
scratch registers provide, among other features flexibility for higher level software and 
15 hardware protocols to operate during DMA activities. For example, when the master device 
40 writes Jn a mailbox register, ah interrupit signal can be sent to the slave processor 42. 
The generation of the interrupt signal responsive to writing in the mailbox register is 
programmable, as described below with respect to thejcontrol regisiters. The slave device 30 
will then read theJnformation stored in the mailbox register, whic|i results in the interrupt 
20 being cleared. The information written to mailbox registers accprding to exemplary 
embodiments of the present invention may vary widely; flepending upon the master and 
- slave devices being interconnected by the DMA architectures. For example^ if the master 
device is a cellular. telephone's central processor and the slave device is an antenna 
subsystem, the master device could write instnictionsito ti^e antenna subsystem into the 
25 mailbox register(s), e.g., requesting the antenna subsystem to initiate low power 

consxmiption operation. Thus, the mailbox registers can be used to provide built-in interrupt 
• channels which can be used in various ways depending upon the interconnected devices. 
The scratch registers are similar to the mailbox registers except thatwriting to a scratch 
register does not result in the generation of an interrupt signal. Thus, for example, the 
30 scratch registers cin be used to carry overflow data associjrted with a command ^nsferrcd 
between the master and slave devices via the mailbox register. Altemativelyj the slave 
device 40 can find master device status information in a scratch register. 
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Register group 52 depicts mailbox and scratch registers for the slave to master 
direction, ^rhis group of registers performs similar functions to those described above with 
respect to group 50, When the slave device 40 writes in one of these mailbox registers, an 
internipt signal can be sent to master device 30, subject to c^^^ 
5 When the master device 30 reads the corresponding maUbox^ theliinti^^ cleared. 
Rjsgister group 54 depicts the DMA status/control registers which^lampi^ either things, 
control the arhbimt of d^^ that is transferred in one 15MA.C3^cle; ffi^^ 
direction,' the control registers also indicate the address to v^icli^^ 
while^in the slave-tp-master direction the control registers; from 
10 . which the data will be read. As will be described in more ^36^1 Klbw regarding individual 
i; the status registers provide an indication of DMA activity as 

well as which Wr-.^j-i;.. ■ ui ; ^ 

:To beitter understand ar^ according to exemplary fembbd of tlie 

present inventtonL,;a;more^^ of the various registei^inentionedj^^ will 

15 now be provided with respect to Figures 5-6(1). Those skilled in the art will appreciate that 
^ associated With this example are pwely iDustrative ihiriatiire &^ be varied. 

Among other things, the addresses and bit lengths are puifjy ^xe^ 5 provides 

^ a table listing the programmable registers on the slave :?ide of the hardware cormect layer 38 
: including their type; Each of the registers listed in the tablf c«f more 
2pj|;gd^ 

Starting witii Figure 6(a)„an example of the mastetto slaye interrupt status/control 
register is provided. This register type is also refen^d4» fi^^ 
. i.;:: : status/control regist^^^^ this control/status register is used to control, and provide 
: : mailbox registei^. SRiic|fi^ device 

25 t 4Q can set a c^intipl ifitj^^ each of the master-to-slaye ni^tift^ to 

= ; interrupts to be generated when the corresponding mailbox register is written 

to by the master device $0. This feature can be used, for example, during initialization 
: ' when disabling; j^^ may be desirable. iMter initialij^on, the slave 

(device 40,maj|; then enable the mailbox register interrupts. StetiiS bite ftf ^e 
30 i slwe^ mailtexiai^^^ in this register which permit the s^avef device 40 to identiiy 

: caused it to receive an interrupt. Onp^i read, ,ft 

jwe reset Sihiilarly, Figui:e 6(b) depicts an interrupt status/control register for the slave-to- 
master dtieptlbii.- Thus, die master device 30 can set acontrdi bit associi^tcd wlt^ each of 
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the slave- to-master mailbox registers to permit or deny interrupts to be generated when the 
corresponding mailbox register is written to by the slave device 30. Status bits for each 
siave-to-master mailbox are also provided in this register, which permit the master device 
30 to check to see if an interrupt is pending. 
5 Figure 6(c) depicts an exemplary DMA status/control register. This register can 

include, among other things, bits to store version infonnation^ bits indicating DMA activity 
for each DMA memory location in each direction, and bits for controlling which of the two 
DMA memory locations will be used for a next DMA transaction. With re 
latter function, it can be seen in Figure 6(c) that the values for bits 0 and :I : in this register 
10 can be automatically inverted after each master-to-slave and slave-rtp-master transaction, 
respectively, to provide a round robin usage of the dual memory Iqcatidns as described in 
niore detail below/ Figures 6(d)-6(^ provide examples of a master-to^slave mailbox 
register, a master-to-slave scratch register^ a slave~to-master mailbox register and a slave-to- 
master scratch register respectively. Although multiple mailbox and scratch registeris can be 
15 provided in each dir^tiori for DMA architectures according to the preseint only 
one of each type/dir^tion is described here since each of these type? of registers can have 
the same; structure .md iunc^ number of bits allocated for storage of mailbox 

code and/or scratch values can be more or fewer than the 10 bits indicate^ in the, examples 
shovm in Figures 6(d^^ 
20 Figure ^(h).pu$tr^es an exem 

register provides for pro^apimable enablement/disablem^ which 
arei used to si^ial tfae^co^ of a DMA transfer. One bit is proylded for Cfach DMA 
: , me^mpry location fb|^h direction, for a total of four control bits in fcis exemplaiy , 
embodiment of Ae present inveiytion; Similarly, four bits jxpvWe sta^ 
25 each DMA memory location for each direction regarding whether pr not an interrupt has 
; been set; The^D status/control register can also be used to prpvidf 

, luj^tipnaH an indicator regarding whether 16 bit jdata values are 

transmitted with their most isignificant bit (MSB) first or least signifidmt bit (LSB) first, 
Fijgures 6(0-6(1) illustrate exemplary master-to-slave DMA address register, master-to-slave 
30 DMA size register, slaye^o-master DMA address register and slave-tormaster DMA size 
register, respectively. One address and one size register can be provided for each DMA 
memory location used to transfer DMA data to specify the address and size of each memory 
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location; According to this exemplary embodiment, therefbre,:ei|^t,of these registers can 
be used as seen in Figure 5. 

Having described a register architecture according to exemplary era^^ of tlie 
present invention, ejcemplar^ for transferring data using such an architecture will 

5 now be discussed with reference to the flowcharts of Figures 7-1 ()||v^^ and 8 

depict a masterrto-slave DMA transfer method and Figures ^ ajad W^^^ 
niaster On the master device's side^-jat s^ master device 3.0 

. first waitis for the slave deyice 40 to initialisee. This can be accomplished by, for example, 
: the master device 30 polling one of the slave4o-master scratch regj^^ 
1 0 slave device 40 to have writtien a predetermined value jn that register. Next, at step 72, the 
master device 30 initializes the interrupts related to the master-to-slave mailboxes (Fig 6a), 
T^^^ interrupts to mdicate that a rna^-te>rs^^ 

' 4as been find is ready to receive date. The master device 30 Sien waits for data to 

" send to the $lave device 30 at step 74. At this step, the master djevidi^^S^ *he 
15 i /slwl device 40 has two nwster-to-slave DMA channels available. Jpen master device 30 
has data that needs to be transferred to the slave device;4Py it then, ^r^^^^ transfer 
at step 76, In a typic4 Mpten^^iito*io» of the slave DMA Qi>t\tt^^ device 
: 30 does not have to keep track of which DMA channel the be sent. The 

slave DMA. controller 46 will automatically direct the incoMng ra^s^^ datti 
20 to the appropriate, next DMA channel. For this purpose ithe sla^^ 46 can 

have some hardware connect layer specific registers which are acoes^ 
device 30 to enable this functionality. At step 78, the master device 30 is waiting for more 
data tb s^^^ 30 or for reception of an interrupt indicating that the slave 

device 30 has freed, up the previously used DMA channel . Dep?^ of the two 

25 indications comes in fu^t^-ihe nioster device 30 will change to the; appropriate state, i.e., 

return to step 74 wherein two DMA channels are available or move on to step 80. Typically 
a slave-to-master mailbox interrupt is used by the slave device 40 ti^ indicatei^ master 
: device 30 that a channel has been freed up again. However, there are o^er niechanisms 
available as Well. For example, the master device 30 can periodically poll a scratch 
30 register, where the| slave programmed value can beused to deri^ if the slavexlevice 40 has 
any inaster^o-siayie jiMA channels available. Assuming that the flow next moves to step 
80, flie master devic^^^ once again has data that needs to be tremsfi^d to the slaye device 
40, and it sends the data via the DMA channel selected by the sIave;PMi^ controller 46. 
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The flow then proceeds to step 82, wherein the master device 30 knows that the slave 
device has no free njaste^r-to-^^ channels available. Themaster device 30 then 

waits -for an indication (interrupt or polling) from the slave that a DMA channel is freed up 
■ again and the flow returns to step 78. 
5 ' Figure 8 shdws an exemplary process which occurs during a master-to-slave DMA 

transfer from the slave device 40's perspective. Therein, the slave device 40 initial izes the 
■■■y,- maste*-to^laye inteirfec^=i^^ 84. This step might, for example, inchide programming 
' some haidwaie coimectio registers 48. Tlie generation of master-to-s!avc 

" DMA&t^ also typically be enabled at step 84, as well as setting the 

10 f loca^ in the respective registers. When all of 

i ; the initialiTation ii dom^^ 40 indicates to the master device 30 that the 

> initialization has finiished by, for example, writing a predetennined^value to one of the 
|: scratch regis^ 86, the slave device 30 waits for th^^^ 

;/ . data. In this state the slave has two master4o-slave DMA channelsra^^ When the 
15^ .;: . slave device 40 receives Ja i^^ end interrupt thej:S^ can 

determine from the.E)M A* status register (Fig. 6(h)) for whi^ 

the interrupt was generated. With that information the slave can find tii6'memory location 
; of tbe i[)MA data aiid^^r^^^ from the channel con^sponding size and |d registers 
p r (Figs. 6(0 and 60)). The slaye software, e.g„ antenna subsystem software, cain thcai be 
2p I triggered^^to^ data. 

The pn>pess.:0e^^^ to step 88. Therein, the slave device 40 can check to 
determine if it has a new memoiy location available to reprograih thfe memory address (Fig. 
6(i))) for theDMA chahriel.w^ previously receivedDMA data, e.g., if that DMA 
chaimel has ncrt be^^ yet If so, the address register for this DMA = 

25 jipidated^ and a signal is sent to flie maister device 30 to indicate (hat a ne>y channel is 

available. TTiis^ ^^^ by, for example, generating a slave-to-mast^ maijbox 

^ inteiTUjp^ ito the master Aat a DMA channel hais been freed up agaiL As 

nrientioned ifbovej hc^ hybrid polling/interrupt bf^ed scte^ can be used 

: for this purpose as^^^ location was available and a new DMA end interrupt 

30 i| is receiyed, the slave device 30 can derive from tihe DMA status regi^t^ 

; which mastei^ DMA channel the interrupt was genemtedr^J^ the 
V : slave device 30 can findtflie memory location of the DMA data and the from the 
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corresponding size and address registers (Figs. 6(i) and 6(j)); The slave 'software that will 
process the jnst received data will then be triggered. . 

30 then moves to step 90 wherein itagain waits for. new memory to 
become available in which master-to-slave DMA package could be stored Wlten.this 
5 memory becomes available, the address register for the next master to slave DMA channel 
is updated,, and a trigger is generated to the master to indicate that a new channel is 
available. Those skilled in the art will appreciate that, instead of only a round robin 
approach using two memory locations for DMA transfers, the present invention can use 
three or more memory locations to implement the two DMA channels described above. For 

10 example, at steps 88 and 90 memory addresses which are different than those used at step 
84 can be programmed into one or both of the address register. Using more than two 
memory locations for master-slave DMA transactions can further reduce the latency, 
particularly for DM A transactions involving numerous data packages. 

Figure 9 depicts a slave-to-ni aster DMA data transfer method according to an 

15 exemplary embodiment of the present invention from the slave device 40's point of view. 
Therein, at step 92, the.slave device 30 initializes the master-to-slave interface. This step 
can, for example, include programming some hardware connection layer specific registers 
48. The master-to-slave DMA interrupts (Fig. 6(h)) can be enabled depending on later 
described communication algorithms. When the initialization is completed, the slave.devicc 

20 40 needs to indicate this to the master device 30. This can be accomplished by writing a 

predetermined value to one of the scratch registers. At step 94, the slave device 40 is 
" waiting for an indication that the master device 40 has been initialized. This can be 
accomplished by, for example, the master device 30 polling one of the: masterrto-slave 
scratch registers and waiting for the slave to write a predetermined value in that register 

25 Nexti at step 96, the slave device 40 waits for data to send to the master devic^ 30 and has 
two slave-to-master DMA channels available. When that data becomes available, at step 
98, the slave deyice 40 initializes tfie address and size registers (Figs/ 6(kX 6(1)) for the next 
D^A channel (Fig, 6(c)), and generates an indication tq the master that a next slave-to- 
master DMA transfer has been setup. This indication can be an interrupt that is generated by 

30 writing to a mailbox register or updating a value in a scratch registers that the master polls, 
from vyhich the master device can derive that new DMi^ data transfer has been setup. Upon 
.reception of thisf indication, the master will Initiate As 
mentioned em^^Iier, th|^ slave DMA controller 46 can automatically retrieve the slave-to- 
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master DMA data from the valid channel without any intervention from the master device 
30. 

At step 100, the slave device 40 is waiting for more data to send to tlie master or tor 
the reception of an indication that the master device 30 has retrieved ithe slave-to-master 
5 DMA data of the initialized channel. This indication can be provided by using the TX 
DMA end interrupt in the register of Fig. 6(h). This interrupt will ihdicate'which channel 
data has been retrieved. Another method for providing this indication is that after retrieving 
the DMA data, the master device 30 writes to a master-to-slave mailbox register, which will 
generate an interrupt for the slave device 40. A third method is that the slave device 40 po!ls 
10 a master-to-slave scratch register, whose value will be updated by the master device 30 after 
! retrieving the DMA data. Assuming that the slave has niore data for the master prior to 
receiving an indication that the previous slave-to-master DMA transfer has been completed, 
the process trans;itions to step 102. Therein, the slave device 40 initializes thei^address and 
size registers (Figs; 6(k) and 6(1)) for the still available DMA chanriel, and generates a 
1 5; previously descriiied indication to the master device 30 that a next slave-to-master DMA 
tratisf^=;has been setup. The flow then moves to step 1 04, wjhjere W 4Q has 

' m) free sla^ channels available and, therefore, wa^^ 

(inteifupt or polling) finpm device 30 that a' EMA cjSam^ 

Turning now to the mastei;: device's perspective of the||lave-%m transfer 
20, ; m 30 Waits for the slave device 40 tb^mitiaiize.at^step 106. This 

can be accomplished by^ for example, the master device 30 poUingbne p^ 
master scratch registers and waiting for the slave device 40 to write i preSeteM 
: in that register. Next, the master device 30 initiializes the slave DM^ controller 46 at step 
'■J ip8. 1^ call, |oi£^^ include programming hardyyarexpiinectipn^l^ specific 
25 registers 48. The generation of slave-to-master DMA interrupts (Fig. 6(h)) will also be 
enabled (if heeded)/ the initialization is completed, the m^ister device 30 indicates 
^ ' tiythe siaye djey This indication can, for example, be:accC;mplishejd^% n 
predetennined yalu^^ 

: The master device 30^en waits for a slav&'to-master I^A d|ata indicati at step 
3d 1 10^ jtalftisSta^ no slave-to-master channels pending wiiK datatb be^read Theje 

are several ways that die data indication can be generated. For example, the slave device '!0 
can indicate that it has data ready to transfer via an interrupt that iS;;|enerated^ }^^ the slave 
writing to a slave-^to-master mailbox register. Alternatively, the sldve device 40 can update 
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a value in a scratch register that the master device 30 polls, from which the master can 
■ determine that new DMA data has been setup. Upon reception of ftis indication/the master 
device 30 will initiate the master-to-slave DMA transfer. As mentioned earlier, according 
to exemplary embodiments of the present invention, the master device 30 does not have to 
5 keep track of the DMA channel from which the DMA data needs to be retrieved. Instead, 
v the slave DMA controller 46 can automatically retrieve the slave-to-master'DMA from the 
f valid charmel. At step 112,the sIave-to-masterDMAtransfer is ongoing. The m^^^ 
device 30 is waiting for either the end of DMA transfer indication (which is generated 
internally in the master), or a new indication from the slave device 40 that yet another DMA 
10 channel has been setup. When the end of DMA transfer indication is received, the master 
device 30 can trigger the function that will process the retrieved data. Depending on which 
*end of slave to master DMA transfer* indication the slave uses, the master can write to a 
master-to-slave mailbox or scratch register to indicate that this transfer finished. When a 
new slave-to-master DMA data indication is received by the master device 3^ 
15 ^ previous DMA transfer has not yet finished, the process moves to step 1 14: Therein, the 
slave-to-master DMA 13 ongoing. The master is waiting for the end of DMj^ ;transfer 
indication (which is gen^ted mtemally inthe.mastCT),.When 
indication is received, tlie master can trigger the function tfiat ^yill process the retrieved 
data. Again, depending on w;hich *end of slave to master DMA. transfer* indication the 
20 slave uses, Ae rnieSter device 30 can write to a master^tp-slave mailbbx^o to 
indicate that this transfer finished, which returns the flow to;step:|^ 

In the exemplary DMA methods described above, it is ^umed that the slave DMA 
controller 46 has four pmllel DMA channels, but the master devicb 20 does not. If the 
master device 30 also has four parallel DMA channels, the master device> ;f|pyr diagrams 
25 would be similar to those of fee slave device 40. Additionally, prpviding four parallel 
i DMA channels fbr the master device would enable the master device 30 to setup^several 
DMA transfers in pamliel. Although the foregoing examples depic| tvv;o DMA channels in 
each direction, those skilled in the art will appreciate that DMA architectures according to 
the present invention are not so limited. Instead, embodiments of th^ present invention 
30 1 could contain four, eight,~sixteen or more DMA chantiels in «ich direction with a 
corresponding increase in the number of registers used to iniplemen^ the architecture, 

. According to exemplary embodiments, the master device 30 initiates slave-to-master 
DMA transfers. If theisjaye device 40 has not initialized atiy slave-to-master DMA 
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channels with a new memory address and size, the slave DMA controller 46 will 
automatically respond to the slave-to-master DMA transfer request with the indication tlint 
the DMA size is zero. As mentioned above, initiating a slave-to-master DMA data transfer 
can be accomplished in at least three different ways. First, a polling based initialization can 
5 be used. If this technique is used, then the master device 30 will periodically start a slavc- 
to-master DMA command sequence and will rea4 among other things, fee slave-to-mastcr 
size registers to determine if any DMA data has been stored for trahsfcr. If data is 
available, then the process outlined above is performed, otfaenviseithe masteridevicc 30 
awaits the next polling interval. 

10 Alternatively, an interrupt based initialization can be used; Afteir the slave. device 40 

has programmed the slave-to-raaster address and size registers, a mailbg^ reiister is then 
written to in order to generate an interrupt to the master device 36.^ T^^ 
another exaniple of the flexibility crea^d by providing mailbox registers to DMA 
architectures according to the present invention. On reception of thie ini^^^^ by 

15 the mailbox register, the master will initiate a slave-to-raaster DMA sequence. Different 
mailbox registers, can be used to initiate transfers from two differerit pMA memory 
locations. The slave device 40 should first check the interrupt states bife in the mailbox 
interrupt status/control register to ensure that an interrupt is not al«|ady the 
^^^^ m^ use to signalthe master device JO tp;m 

20 master DMA data traris^eiv 

Tliirdly, a hy polling/interrupt based mitialization technique ^an be used for 
; slwe-to-master according to exemplary embodinaishte of the pyesent 

invention* T6 begin, the slave device 40 again writes to a m<EdJb(^ an 
mterrupt to the master 30 which is interpreted as a request to initiate a slave^tp-master DMA 

25 transfer. While th? tft^fer is occurring fix>m the first memoiy location, the slaye device 40 
programs the registers and second memoiy location with the next DMA package to be 
jla^sf^^ of using anodier mailbox register;|d^|send^^^ signal 

to the master device 30 to start the transfer of Ae second data poitlpn device 30 

automatically initiate^ the s«:ond slave-to-master transfer sequence. TTie slave device 30 

30 then uses the inteitupt it receives upon completion of the first transfer to: begin preparing the 
third data portion for transfer. This process continues until such time as the slave device AO 
runs o^t of data associated with this DMA transaction at which time it sets tlie size register 
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to zero. When the master device 30 requests the next block of data it will receive the size 
"■■ zero indication and edd the DMA traiisaction. 

Those skilled in the art will appreciate that the foregoing DMA architectures and 
methods provide sufficient programmability for interrupts and data transfers that they lend 
5 themselves to reuse without architectural changes between different types of master devices, 
: slave devices, hardware interconnects and software applications. The ability to program 
the mailbox registers to selectively enable or disable interrupt generation, trigger the 
reading of scratch registers, etc., allows software developers to reuse code associated with 
this DMA architecture since it can maintain its register structure across different 
10 implementations. 

The^ve-described exemplary embodiments are intended to be illustrative in all 
respects, rather than restrictive, of the present invention. Thus die present invention is 
capable of many variations in detailed implementation that can be derived from the 
description contained herein by a person skilled in the art All such variations and 
15 modifications are considered to be within the scope and spirit of the present invention as 
defined by the following claims: No element, act, or instruction used in the description of 
the present application should be construed as critical or essential to the invention unless 
explicitly described as such. Also, as used herein, the article "^' isj intended i to include one 
or more items. 
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CLAIMS 

What is claimed is: 

i: A direct memory access (DMA) system for transfOT^ 
a master device (30) and a slave device (40) comprising: a first plurality of DMA channels 
for transferring information from said master device (30) to said slave device (40); a second 
. plurality of DMA channels for transferring information from said slave device (40) to said 
master device (30); a first set of control registers (Figs. 6a, 6c, 6d, 6e, 6h, 6i, 6j) v^hich 

■ = coordinate use of said first phirality of DMA chamels to transfer information from said 
master device (30) to said slave device (40); and a second set of control registers (Figs, 6b, 
: 6c, 6f; 6g, 6h, 6k, 61) v/hich coordinate use of said second plurality of DMA channels to 
transfer information from said slave device (40) to said master device (30), v<here^ both 
said first set of control registers and said second set of controljreg|i|im 
mailbox register (Figs. 6d, 6f) for selectively providing ah int^nrupt signal to a respecti 
one of said nriasfe and said slave device (40), m response todatawritten to said 

at least one ift^ib^^ fee otiher of said master device during 

A said .DMA transa«;tion.^^,:^^, 

2. The system of claim 1, wherein each of said first arid second sets of control 
1 registers fiirther comprise a mailbox interrupt statusA^ontrol register (Figs 6a,6b) fb^ 

enabling/d isabling mailbox interrupt generation for each of said at least one mailbox 
registers and fbr indicatipg^etih^ one of said at least one maill?t^ intenrupts is pending 
I iori^fwh irf 

3, The system of claim 1, wherein each o 

registers ftoher comjpn^^ at least one scratch register (Figs. 6e,6g) for storing data which 

can£be read in response to said mterrupt signal generated by sdd a^^^ 

register. 

4. The system of claim l,fmther comprising a DMA in^^ 

register (Fig. ^h) for eiiabling/disabling data transfer complete interrupt generation 
associated with a completion of transferring said information and for indicating whether one 
; of said data translfer complete interrupts is pending for each of said first aind second DMA 
channels. '■ ■ " W. / ^. ■ -.. 

5, The system of claim 1 further comprising: a first address register for storing 
a first address associated with one of said first plurality of DMA chaimels; a second address 
register for storing a second address associated with another of said first plumlity of DMA 
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channels; a third address register for storing a third address associated with one of said 
second phirality of DMA channels; and a fourth address register for storing a fourth address 
associated with another of said second plurality of DMA channels. 

6. Tlie system of claim 1, further comprising: a first size register for sto 
size of said information transferred using one of said first plurality of DMA channels; a 
second size register for storing a size of said information transferred using another of said 
first plurality of DMA channels; a third size register for storing a size of said information 
transferred using one of said second plurality of DMA channels; and a fourth size register 
for storing a size of said information transferred using another of said first plurality of DMA 
channels. 

7. The system of claim 1 , further comprising: a DMA status/control register 
(Fig. 6c) for indicating, for each of said first and second plurality of DMA channels, 
whether DMA transfer activity is ongoing. 

8. The system of claim 1, wherein said data written to said at least one mailbox 
register is a cornmand requesting that more data be transferred, 

9. The system of claim 1 , wherein said data written to said at least one mailbox 
register is a command to activate a feature of one of said slave device and said master 
device. 

1 0. Thb system of claim:9, wherein said feature Js a reduce power consumption 
feature. , 

1 L A method for direct memory access (DMA) information transfer between a 
master device (30) Md a slave device (40) comprising the steps of: storing a first data 
portion received during a DMA transaction using a first DMA channel; storing a second 
data portion received during said DMA-transaction using a second;DMA charmel; and 
selectively providing an interrupt signal to one of said rnaster devic^ (30) and said slave 
device (40), by writing data in at least one mailbox register (Figs. jiSd, 6f) by the other of 
said master device (30) and said slave device(40X during said: DMA t^ 

12. The method of claim 1 1, further comprising the steg of: |nabling/disablinj,', 
mailbox interrupt generation for each of said at le^t one.mailto^ and 
for indicating whether one of said at least one mailbox interrupts is; pending for each of said 
at le^t one mailbox register using a mailbox imerrupt status^nt^ 6a, 6b). 

13, : The method system of claim 11, fUrther wmprisin^ data 
stored in at least one scratch register (Figs. 6e, 6g) in response to said interrupt signal. 



wo 2005/029341 



PCT/IB2004/05I8I9 



PHUS030356WO ' 

PCT/IB2004/0^3iai9 

14. The method of claim 1 1, further comprising the step of: enabling/disabling 
data^ transfer complete interrupt generation associated with a completion of storing said first 
and second data portions and for indicating whether one of said data transfer complete 
; • interrupts is pending for each of said first and ^econd DMA channels using a DMA internipt 
: status/control register (Fig. 6h), 

15; Themethodof claim 11 furth^ 

associated with said first DMA channel; and storing a second address associated 

i y/ith^s^ 

16. The method of claim 1 1, further comprising the steps of: storing a size of 
said first data portion; and storing a size of said second data port^^ 

17. The method of claim 1 1, further comprising the step of: providing an 
indication regardmg whether transfer activity is currently ongoing in said first and second 
DMA channels. 

1 8. The method of claim 1 1 , wherein said data written to said at least one 
: mailbox register is a command requesting that more data be transferred. 

.19. The method of claim 1 1, wherein said data written" to said at least one 
.mailbox register is a command to activate a feature of one of said slave device and said 
master device. 

20, The method of claon 19, wherein said feature is a reducse power consumption 
feature, _ , 

2L The method of claim 1 5, furtiser comprising.the step of: storing a third data 
portion using said first DMA channel. 

22. The method of claim 21, fiirther comprising the step of: reprogramming a 
7 registi^ contains said first address with a third address that is different than said first 
address priorto said step of storing said third data portion. 

• 23. The method of claim 21 , fiirther comprising the step of: storing a fourth data 
; portion using said second DMA channel. 

24. The method of claim 23, further comprising the step of: reprogramming a 
register which contains said second address with a fourth address^that is different than said 
i: second address prior to^said step of storing said fourth data portion^ 

== 25. The system of claim 1, wherein each of said first and second sets .of control 
registers further comprise at least one scratch register for storing status ^information which 
can be^read by one of said master device and said slave device 
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